the features of the distribution of surface manifestations of eddy structures for the different in their morphometric and hydrological features in the Arctic seas.
The present work aims to analyze the spatial-temporal variability of the characteristics of sub-mesoscale eddies in the waters of the White, Barents and Kara Seas by their surface manifestations on satellite radar images (RI) during the warm (ice-free) period of the year.
Study area. Among the shelf Arctic seas, the Barents, White and Kara Seas are characterized by strong tidal currents, significant bottom irregularities and pronounced frontal zones. The waters of these seas are inhomogeneous and formed under the combined effect of circulation and energy exchange with the atmosphere. The water entry from other basins and the inhomogeneous topography create a very complex system of the surface (Fig. 1 ), intermediate and deep currents. The key role in this system play: the numerous branches of the Nordkapp Current and the cold waters of the Arctic Basin and the Kara Sea -for the Barents Sea; the water entry from the Barents Sea and the river runoff -for the White Sea; entry of the river waters, the relatively warm waters from the Barents Sea and cold Arctic waters from the north -for the Kara Sea [14] . Data and methods. In the present paper 2312 С-band Envisat ASAR radar images in WSM (400 × 400 km swath width, 150 × 150 m spatial resolution) and IMP (100 × 100 km и 25 × 25 m respectively) modes acquired during the ice-free period of 2007 -2011 are used. 209 of the aforementioned images refer to the White Sea, 1203 -to the Barents Sea and 900 -to the Kara Sea. In addition, 12 images from Radarsat-1 in SGF (Path Image) mode with 25 m spatial resolution and Radarsat-2 in Fine Quad-Pol mode with 6 m spatial resolution for 2012 were used for the White Sea. The method of eddy identification in the RI and determination of their parameters (including the diameter of the eddy and its rotation sign) is presented in [13] . Further, based on the information obtained from the radar information, the basic statistical characteristics of the eddies were calculated and maps of the spatial distribution of their parameters were constructed.
Results and their discussion. Over 3.500 eddy structures were recorded from the satellite data analysis, of which 2.970 had a cyclonic (Cn) type of rotation, 621 -the anticyclonic (Ac) one. Domination of the number of cyclonic eddies over the anticyclonic ones is characteristic for all the seas considered. Statistical parameters of the eddies are presented in the Table below.
In the smallest area of the White Sea, the least amount of eddy structures was detected, despite a longer period of observations. About 70 % of the total number of eddies was recorded in June and July. As a rule, the observed eddies had a cyclonic type of rotation, while the anticyclonic eddies were always larger in size than the cyclonic ones.
In the Barents Sea having the largest area, the maximum number of vortex structures was found (see Tab. ). It should be taken into consideration that this sea has the best coverage by satellite imagery and the smaller area of the ice cover during the warm period in comparison with the Kara Sea. The largest number of vortices is observed in July, the smallest (10 % of the total number) -in October. In June and August their number is approximately the same. The average size of all the vortices varied between 2.3 and 4.3 km, while, like in the White Sea, the anticyclonic vortices were larger in diameter, and the largest vortices were encountered mainly in July and August.
Almost 2 times less vortex structures were found in the Kara Sea than in the Barents Sea (see Tab. ), but with a more significant predominance of cyclonic vortices. Almost 40 % of all vortices were observed in August, the least (15 %) -in September. Vortices in the Kara Sea are smaller in size than in the rest of the seas, with an average diameter of 2.4 km within the entire period. The average value of the diameter of anticyclonic vortices is also greater than that of the cyclonic ones. Fig. 2 shows that the vortex structures are quite common and occur practically throughout the entire water area of each of the seas considered. In the Barents Sea, they were rarely recorded in the central part, most often -to the south-east of Bear Island, near the eastern shore of Western Spitsbergen, to the west of Franz Josef Land and Novaya Zemlya and also near the Matochkin Strait. The number of vortices in these areas was more than 18 per grid square (the grid square on the map has an average area of 2.500 km 2 ), near Spitsbergen and to the north of the Kola Peninsula (asterisks in Fig. 2 , b) -37 per grid square. In the Kara Sea, eddies were not practically found in the deep-water part of the St. Anne Trench and Novozemelskaya trough, as well as in the northern part of the central basin. They were most often recorded in the area of Uedineniya and Sverdrup (the Pyasino Gulf) Islands, as well as near the western coast of the Yamal Peninsula and to the south of Cape Zhelaniya. The amount of eddies in these areas was more than 18 per grid square, the maximum one (27 vortices per grid square) was observed to the south of the northern tip of Novaya Zemlya (the triangle in Fig. 2, b) .
Parameters of Eddies in the White, Barents and Kara Seas according to Satellite Radar Measurements
In the White Sea (Fig. 2, a) , the eddy structures were most often observed near the Tersky coast, to the north of the Solovetsky Islands and in the Dvina Gulf, rarely in the central parts of the Gorlo Strait and the Basin, most seldom -in the Gorlo. In the greatest eddy activity zones 4 -6 eddies per grid square (equal to ~ 144 km 2 ) were observed. Comparing the eddy size distribution (Fig.3) , the largest diameters (over 8 km) should be noted. They were recorded mainly in the western and central parts of the Barents Sea, where, according to climatic data, a warm Atlantic water inflow is observed. In the eastern part of the Barents Sea and in the Kara Sea, the eddies had a diameter of up to 5 km. In the White Sea, under the influence of considerable tidal dynamics, the large eddies are formed practically over the entire basin [13] . Fig. 2 The sizes of the observed vortex formations were compared with the estimates of the baroclinic Rossby radius in the studied seas, obtained from the data of the ESIMO climatic atlas (http://www.esimo.ru/atlas/). The calculation results for July -August showed that the minimum and maximum values of the radius for the White Sea were 1.3 and 8 km, for the Barents Sea -0.2 and 9.5 km, for the Kara Sea -0.2 and 6 km. Its mean values are 4.3; 4.9 and 3 km for the White, Barents and Kara Seas, respectively, which is not rejected by the estimates of the Rossby radius obtained for the warm season on the basis of another database [15] . In addition, according to data from long-term in situ measurements in selected areas of the White Sea, the seasonal and interannual variability of the Rossby radius also ranged from 1 to 8 km with the mean values close to climatic estimates [13] .
In accordance with the Table and Fig. 3 the size of the eddies in the White Sea varied from 1 to 13 km with a mean value of 4.7 km, in the Barents Sea -from 0.2 to 25 km with a mean value of 3.6 km, in the Kara Sea -from 0.4 to 14.4 km with a mean value of 2.4 km. Despite the considerable seasonal variability of the eddy dimensions, the maximum repeatability is observed for the eddies with a diameter value close to the above estimates of the mean Rossby radius (Fig. 4) . Some of the eddies have diameters less than 6 km, which corresponds to the maximum value of the Rossby radius in the Kara Sea. This value can be considered a characteristic upper limit for sub-mesoscale eddies in the studied Arctic seas.
The above information on the spatiotemporal variability of the amount and dimensions of the eddies in the water area of the three Arctic seas allows to make a few remarks on possible mechanisms of vortex formation.
The paper [16] shows that eddy structures are formed under the influence of the dynamics and/or instability of hydrological fronts in the White Sea. In the Dvina and Onega Bays, the active dynamics of the runoff fronts, caused by the river runoff maximum in June and July, determines the more frequent eddy registration from space in these months. In the areas of tidal front existence, for example, in the Gorlo Strait and in the vicinity of the Solovetsky Islands, eddies are less frequently observed and do not have a pronounced seasonal cycle. The main cause of vortex formation in these areas was frontal instability (meandering). Another mechanism associated with topographic effects in the interaction of the tidal flow with the irregular bottom topography was favorable for the eddy generation in the region to the north of the Solovetsky Islands and in the Basin along the Tersky coast (Fig. 2, a) .
In the Barents Sea, the Polar frontal zone, where the modified waters of the Barents Sea are divided into the Arctic and Atlantic waters (Fig. 1) , plays an important role in the structuring of increased eddy activity areas. Intensification of the Atlantic waters inflow and seasonal ice melting in spring and early summer causes aggravation and activity of the southern (between the Barents Sea and the Atlantic waters) and the northern (between the Arctic and Barents Sea waters) fronts. Apparently, this process seems to explain the presence of the identified zones of regular eddy observation to the north of the Kola Peninsula, to the southwest and southeast of Franz Josef Land (Fig. 2) . The mechanism of topographic eddy formation, including the areas of strong tidal currents, also needs to be taken into consideration. In particular, this mechanism should be manifested at the shelf edge to the northwest of Franz Josef Land, at the entrance to the White Sea, and over the banks and troughs in the central part of the Barents Sea.
Thin halocline and saline front formed by the Ob and Yenisei runoff determine the leading role in the eddy activity increase in the Kara Sea. There is intensification in the river runoff in July and August. It affects the southern and eastern parts of the Kara Sea, the formation of modified waters of the Kara Sea and the strengthening of the frontal zone with summer Barents Sea and Arctic waters. These are those very areas where the largest amount of eddies has been recorded in summer months (Fig. 2 and Tab.). Conclusion. Comparative analysis of the spatiotemporal variability of small eddies in the White, Barents and Kara Seas, registered on the basis of the analysis of satellite radar images during the ice-free period of the year, was carried out. Coordinates of the location of the eddy centers, their diameters and the type of rotation were determined. It allowed the future identification of the areas of quasiregular observation of the eddy structures, their seasonal variability estimation and discussion of the possible mechanisms (sources) of eddy generation in these areas.
Analysis of satellite measurements for the three Arctic seas resulted in the detection of 3591 surface manifestations of small eddies. The eddies were encountered practically throughout the entire water area of these seas. At that, the average number (the number of all registered eddies in relation to the sea area) was 1.4 and 1.8 eddy per 1.000 km 2 in the Kara and White Sea, respectively. The maximum amount of eddies was recorded in the Barents Sea, but the average number was only 1.5 eddy per 1.000 km 2 . This is due to the compact location of the eddies in the several separate sea areas. The areas of regular observation of eddy structures are the following: -in the White Sea -the Dvina Gulf, areas to the north of the Solovetsky Islands and near the Tersky coast (up to 40 eddies per 1.000 km Maximum repeatability is observed in the eddies having dimensions close to the estimates of the first baroclinic deformation radius (an internal Rossby radius). Eddies with diameters less than 6 km, referred to the sub-mesoscale ones, were encountered most often in the Kara Sea -approximately in 95 % cases. In the White Sea, they were registered in about 80% cases, in the Barents Sea -in about 85 % cases. In some rare cases the eddies with diameters up to 25 km were registered (particularly in the Barents Sea). The average diameter of the eddies varied from 2.4 km in the Kara Sea to 4.7 km in the White Sea.
The dynamics and instability of fronts of various origins, as well as topographic effects, seem to be the mechanisms of formation of eddy structures in the studied seas. The peak of the largest eddy activity was observed in July in the Barents and White Seas, and in August -in the Kara Sea. It also should be noted that in the Kara and White Seas a significant number of eddies are located near the frontal zones formed due to river runoff. This corresponds well to the climatic maximum of the river runoff observed in August for the Kara Sea and in July for the White Sea. The fact that the maximum number of eddies in all the seas was observed near the frontal zones and corresponded to the months of the greatest activity of hydrological fronts should motivate future studies of the regularities of the front variability and its relation to eddy dynamics in the Arctic Ocean.
